Objectives. Tuberculosis (TB) case detection remains low in many countries, compromising the efficacy of TB control efforts. Current global TB control policy emphasizes case finding through sputum smear microscopy for patients who selfreport to primary health centers. Our objective was to assess the feasibility and yield of a simple active case finding strategy in a high incidence population in northern Lima, Peru.
A recent analysis of global tuberculosis (TB) case notification data estimated that only 27% of new smear positive cases that arose in 2000 were detected by the current recommended strategy (DOTS) and only 19% were successfully treated. 1 These results suggest that while good TB treatment success rates have been achieved under DOTS, low case detection rates remain an obstacle to the long-term success of TB control programs. 2, 3 Current World Health Organization policy emphasizes passive case finding in contrast with the identification of cases through screening. 4 This strategy has been based on the expectation that (1) passive detection of individuals ill enough to seek medical care is far more cost-effective than population-based screening and (2) compliance will be higher in those who have identified themselves as symptomatic. 5 Nonetheless, the failure of national TB programs to detect the vast majority of new infectious cases suggests that active screening strategies should be reevaluated in an attempt to improve case detection and, thereby, increase access to TB treatment. 6 Contact investigation for cases of active pulmonary TB is standard practice in developed countries. 7, 8 Through this process, household and other close contacts of infectious case subjects are identified and tested for TB infection and disease. Several recent studies conducted in high burden areas have shown that active case finding among household contacts yields substantially more TB cases than passive case detection. [9] [10] [11] Other groups have suggested that active case finding should be extended to high-risk communities at large, rather than only focus on households of case subjects. 12 In this study, we describe and evaluate a simple active case finding strategy in contacts of case subjects with active TB in a high incidence shantytown in Lima, Peru. This is an area characterized by poor health indicators; in the year 2000, annual public health expenditure per capita in Peru was 238 U.S. dollars (USD), average income was 130 USD, and infant mortality in Lima was 19 per 1,000 live births. Although the incidence of new TB cases was approximately 170 per 100,000 per year at the national level, rates are much higher in the densely populated shantytowns surrounding Lima; masked pockets of incidence can be as high as 340 per 100,000. 13 We assessed active case finding in two different contact groups; the first group included individuals who were household contacts of case subjects with pulmonary TB, while the second group included residents of the case subjects' neighborhoods who may have had more causal contact with the patients. Since active case finding does not preclude selfreferral, we measured the prevalence of TB detected through combined active and passive case finding in comparison with passive case finding alone in both of these groups, and we also describe the risk factors associated with failure to self-refer. The protocol for this study was approved by the Human Subjects Committee of the Harvard School of Public Health, as well as by Partners In Health in Peru and the Ministry of Health in Peru.
METHODS

Setting and study cohort
The Peruvian Ministry of Health operates four public health centers and five public health posts in the district of Carabayllo, the northernmost district of metropolitan Lima. The region is divided into catchment areas corresponding to each center or post. This study was conducted in the catchment area of one public health center, the El Progreso center, located in the northern part of the Carabayllo district. The area is characterized by shantytowns and recently occupied squatter settlements set in the desert hills of the crowded northern periphery of Lima; many of the inhabitants are recent migrants from the central rural highlands who fled the countryside during recent periods of political unrest. The catchment area comprises a population of approximately 40,000.
The Peruvian National TB Program operates through the Ministry of Health associated centers, posts, and hospitals. Like elsewhere in the country, TB control measures at the local health facility have relied primarily on passive case finding. Individuals experiencing cough of more than two weeks duration are encouraged to report to the center where they submit sputum samples for smear microscopy. Those diagnosed with TB disease initiate directly observed shortcourse chemotherapy regimens, which are administered at the health center or post closest to their homes. Since 1991, however, the National TB Program also has implemented a basic contact investigation protocol and has offered a sixmonth course of isoniazid (INH) to exposed children aged Յ15 years. At the time an index case subject enrolls in TB treatment, household contacts are identified and advised to report to the local health center if they experience cough of more than two weeks duration. In this study, we refer to this case finding approach as passive case finding.
In contrast with this approach, we implemented an active case finding strategy through which community health workers visited contacts in the home of the index case subject, identified symptomatic individuals, collected sputum specimens on two consecutive mornings, and transported the specimens to the regional mycobacterial laboratory for acidfast staining and smear microscopy. Contacts who tested positive by sputum microscopy then were referred to the local health center for treatment.
Data collection
We identified two separate cohorts of contacts at risk for TB to undergo active screening. The first consisted of all household contacts of case subjects with active TB, while the second consisted of individuals dwelling in the vicinity of case subjects with active TB. Both children and adults were included. To establish these cohorts, we identified all cases of active pulmonary TB who presented to the El Progreso health center during the period from January 1, 1996, through April 21, 1997. These individuals were designated index case subjects and the households in which the case subjects resided were designated index households. For each index case subject, two nearby neighboring households were selected by choosing the households two doors away on the right and two doors away on the left of the index household. We avoided the households immediately adjacent to the index household because they were likely to belong to relatives of the index case subject. When the index household was the home of two index cases, we designated the households two and three doors down on either side of the index house-hold, thereby choosing four neighboring households for that index household. In the event that a neighboring household declined participation in the study, we chose the next household, one door further away from the index household, for recruitment.
During the period from April 1997 through June 1998, two nurse-assistants and two community health workers visited index and neighboring households to conduct interviews of household members. The purpose of the visit was explained to the participants, and informed consent was obtained. The interviewers identified individuals who noted experiencing cough of at least two weeks duration and asked them to provide two early morning sputum samples (after instructing them on the appropriate manner of specimen collection). A community health worker returned on two consecutive mornings to the households of those who reported prolonged cough to collect sputum samples and transport them to the laboratory of the area referral hospital in the adjacent district of Comas.
Demographic and clinical data on the index case subjects were obtained through abstraction of health center records; these data included age, sex, education level, sputum smear grade, treatment history, and response to current treatment. Index household members and neighbors identified during household visits were interviewed during the initial visit; data collected through this survey included age, sex, education level, BCG vaccine status, and presence and duration of cough.
Microbiology
Sputum samples obtained from those with prolonged cough were examined at a regional mycobacteriology laboratory for the presence of acid fast bacilli (AFB) by smear-microscopy and culture. Sputum smears were classified as 1ϩ to 3ϩ according to a standard protocol whereby the number of detectable AFB per high power field are counted and determined to be low, medium, or high. Those who had a positive smear and/or culture were treated for pulmonary TB with standard therapy at the local health center.
Analysis
We assessed the baseline characteristics of the two cohorts by comparing the demographic characteristics of members of index households and members of nearby households using a chi-square test for dichotomous variables and a t-test comparing the means of continuous variables. The number of detected cases was standardized to a population of 100,000. We estimated the smear status-adjusted prevalence of TB among household contacts, reporting 95% confidence intervals (CIs) based on the binomial distribution. In order to identify risk factors for failure to self-report, we also examined characteristics of case subjects detected through contact tracing in contrast with case subjects detected through self-report. In addition to univariate analysis of these risk factors for failure to self-report, we used a logistic regression model to control for possible confounding. We restricted this last analysis to those variables for which we had complete data.
RESULTS
Index cases
From January 1, 1996, through April 21, 1997, we identified 208 case subjects with pulmonary TB who had self-reported to the El Progreso health center during the 15.75 month period. Given an approximate catchment population of 40,000 people, this represents approximately 398 per 100,000 (95% CI 354 per 100,000, 446 per 100,000) cases per year detected by passive surveillance. These index case subjects lived in 200 households. Of these 200 households, 192 were home to only one case subject, while eight were home to two index case subjects.
Index and neighboring households
Of the 200 index households visited, four refused to participate in the study, four were no longer occupied by the index case subject's family, and one case subject lived alone, leaving 191 index households. Within these households, 1,094 household contacts were enrolled in the study. We also identified 416 neighboring households, two for each index case subject, and enrolled 2,253 individuals living in these households. Demographic characteristics of members of index households differed little from members of neighboring households (see Table 1 ). We found that 188 of 2,253 (8.3%) participants in neighboring households and 107 of 1,094 (9.7%) participants in index households (not including index patients) reported having a cough of more than two weeks duration (pϭ0.17). Within neighboring households, children and adults were equally likely to report cough. However, within index households, 13% of those aged Ͼ15 years reported prolonged cough compared with only 4% of children (pϽ0.001).
Those participants who reported cough for at least two weeks duration were asked to produce two sputum samples on consecutive mornings. Table 2 shows the distribution of the number of specimens provided. Sixty-four percent of the population who reported cough provided at least one sputum sample, while only 28% of the population identified with cough provided two or more sputum samples.
Case finding
We detected eight case subjects with pulmonary TB through active case finding. Two additional case subjects, among the 1,094 household contacts, self-referred and, thus, were identified through passive case finding (see Figure) . Standardized prevalence for combined active and passive detection was 914 per 100,000 in contrast with 183 per 100,000 for passive detection alone (pϭ0.06) Among the 2,253 neighboring household members, three cases were detected through active case finding and two further cases selfreported, thus adding to the cases identified by passive case finding. Standardized prevalence for combined active and passive case finding in this population was 221 per 100,000 compared with 89 per 100,000 for passive case finding alone. This means that 137 household contacts and 758 neighboring contacts would have needed to be screened to detect one case. The prevalence odds of TB disease among household contacts compared with neighbors was 5.5 (95% CI 1.5, 20.8; pϭ0.005).
The prevalence of TB among all those who reported cough was 7.5% (95% CI 3.3%, 14.0%) among household contacts and 1.6% (95% CI 0.3%, 4.6%) among neighbors. However, prevalence among those coughers who actually provided sputum samples was much higher; among this group, 10.0% (95% CI 4.6%, 19.4%) of household contacts and 2.7% (95% CI 0.6%, 7.6%) of neighbors were diagnosed with active TB.
We also examined predictors of failure to submit sputum samples among those who reported cough lasting at least two weeks. Except for age, no significant correlation existed between any demographic risk factor and failure to submit a sample; only 19 of 46 (41%) children aged Յ10 years who reported cough submitted at least one sputum sample, while 171 of 250 (68%) individuals aged Ͼ10 years did so (pϽ0.001).
When we stratified the household contacts by the sputum smear status of the index case subject, we found that contact with a case with a high bacillary load was highly correlated with disease risk (see Table 3 ). Further, among coughers who provided sputum samples, approximately 20% of those exposed to a 3ϩ smear grade index case subject were diagnosed with TB, while only approximately 5% of those exposed to a 1ϩ smear grade index case subject and approximately 5% of those exposed to a 2ϩ smear grade index case subject were diagnosed with TB (odds ratio [OR]ϭ7; pϭ0.005).
Risk factors for failure to self-refer
Case subjects detected through active case finding differed from those who self-reported in that they were more likely to be female and more likely to be aged Ͼ55 years (see Table 4 ). When these characteristics were entered into a logistic regression model, both were found to be strong risk factors for failure to self-report, although the confidence intervals were wide (see Table 5 ). No significant differences existed between the two groups by education or by duration of cough.
DISCUSSION
Poor access to effective therapy continues to present a challenge to TB control programs and suggests that the time has come to reconsider the role of active case finding. In this study, we considered the impact of active case finding among household contacts and neighbors of TB patients in a shantytown in Lima, Peru. Our results show that the detection rate among contacts who reported cough of more than two weeks duration was high both among neighbors and among household members of case subjects; also, our results show that these rates were especially high among people exposed to case subjects with high-grade sputum smears. These results suggest that, in this setting, combined active and passive case finding in household contacts may detect substantially more cases of TB than passive case finding alone.
Our findings are consistent with those reported in a number of studies of screening among symptomatic household contacts in high incidence areas and are higher than those reported in studies that screened all household contacts regardless of clinical presentation. [9] [10] [11] [12] [14] [15] [16] [17] [18] When we further assessed the TB risk among those exposed to contacts with high-grade sputum smears, we found that 20% of the household contacts that reported cough and 23% of those who provided sputum samples had active TB. These findings are 
also consistent with previous data that show that people with high-grade sputum smears are highly infectious to others. [19] [20] [21] Although these data support the use of household-based contact tracing to improve case detection in high-incidence settings, especially in contacts of case subjects with highgrade sputum smears, the value of active case finding among neighbors of case subjects or in the general community is less clear. Although no significant difference existed between the prevalence of TB detected through the combined Public Health Reports / May-June 2005 / Volume 120 strategy and passive case-finding only, the finding that 2.7% of neighbors who complied with testing had active TB suggests that active case finding could indeed be a useful strategy if compliance with testing could be improved. In this study, self-reported case subjects were more likely to be male and to be aged Ͻ55 years than were case subjects detected through active case finding. These findings support the results of previous studies comparing active and passive case finding in which women with TB disease were under-notified to public health authorities when detection was based on passive case finding alone. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] It is unclear whether this under-notification occurred because older women delayed seeking medical care for their symptoms or because health care providers failed to make prompt diagnoses when these individuals did seek care. Notably, older women diagnosed with TB did not report longer duration of cough than other groups in the study. Further work is needed to define the barriers to accessing appropriate health care faced by older women with TB in this community.
This study identified a number of operational problems with the simple contact tracing and testing strategies used. First, almost one-third of those who reported cough of more than two weeks duration failed to provide sputum samples for testing. Coughers from index households were somewhat more likely to provide samples, perhaps because they were more highly motivated, having lived in a household with a known case subject. Although some coughers were unable to produce sputum on demand, many others were simply not present when the community health workers visited their homes, suggesting that yield may be improved by more vigorous efforts to locate contacts for testing.
Second, as has been reported in a number of other studies of TB detection, children aged Ͻ10 years were significantly less likely to provide sputum samples than were older individuals. [32] [33] [34] [35] [36] Diagnosing TB in children is a notoriously difficult problem, and as noted in one recent editorial on case finding in children, "We only find what we look for." 37 Not surprisingly, the case-finding strategies employed in this study did not identify any cases of active TB among children aged Ͻ15 years despite the fact that children exposed to household contacts with TB are at much higher risk for disease than adults. It is unclear whether the absence of TB detected among children in this study is due to a true absence of disease, perhaps due to the use of INH chemopro- phylaxis in this group, or a failure to detect disease even when it is present. Innovative methods of case detection among children are needed to assess the burden of undiagnosed TB in this vulnerable group. Several potential limitations should be considered in interpreting the results of this pilot study. Although TB incidence in this community is high, the relatively small size of the study means that results are imprecise and CIs wide. Further, some of the case subjects that were detected through active household screening might have eventually selfreferred had they not been previously detected; this may exaggerate the difference between the active and passive case finding strategies. However, we observed no difference in the duration of cough among cases found through either strategy, suggesting both groups had had active disease for similar periods. Finally, the relatively poor compliance of the coughing contacts in providing sputum samples means
